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Dear HAEC - Team,
It is my pleasure to welcome you to our third edition of 
our newsletter.
The year 2013 started with a great event, the cfaed ope-
ning festival. It was a pleasure to have so many interes-
ting guests here at TU Dresden and I hope that every-
body enjoyed the day as much as I did.  
Nicolle and Sandra organized again an event for the 
Girls´Day 2013. Last year we had no application, but this 
year four inquistive young girls signed up and had an 
exciting day at TU Dresden. Next year we would like to 
participate in the event again. If anyone can contribu-
te something to the event that appeals to young girls, 
should please contact Nicolle.
I thank the team of sub-project A07 for their contribution 
to the newsletter about their project: Energy-Adaptive 
Optical Onboard Links for Inter-Chip Communication. 
I hope you enjoy reading the news and look forward to 
your future contributions. 
     Gerhard Fettweis 
CRC 912 Coordinator
P.S. Since January 2013 HAEC is not the solely CRC in 
the area of electrical engineering in Germany anymore. 
TU Darmstadt started with its CRC 1053 – Maki - Multi-
Mechanismen-Adaption für das künftige Internet. 
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The number of processor cores on a server 
platform for high performance computing 
applications has been steadily increased in 
the last years. Nowadays, common server 
systems consist of at least eight processor 
cores on each CPU-board. Therefore, the 
amount of data that has to be processed 
increases as well. This is accompanied by the 
requirement for a fast and high capacity 
interface to exchange the processed data 
between the multiple cores and the ambient 
devices. Finally, the challenge is to transmit 
this huge amount of data outside the chips. 
This can be realized by optical interconnects 
as these provide high accumulated data rate 
and low transmission losses. A second issue 
which has to be addressed is the power 
consumption of these interconnects. As the 
cores and server platforms increase also the 
overall power consumption and the energy 
required for the cooling of the whole systems 
rise. In addition, the associated operating 
costs scale up. Thus, it is essential to 
significantly reduce the power consumption 
of such systems, while still increasing the 
computing performance. The HAEC A07 
subproject is shared among the 
Professorship for Process Technology for 
Electronics and the Chair for Circuit Design 
and Network Theory. Energy-efficient 
adaptive optical on-board links are developed 
and investigated with the aim to achieve an 
opto-chip with 40 parallel channels each  
operating at a maximum data rate of 
25 Gbit/s resulting in an aggregated bi-
directional throughput of 1 Tbit/s. Generally, 
one optical link consists of four main blocks 
(Fig. 1): 
- electrical driver and receiver circuitry 
(multiplexer/demultiplexer including clock 
and retimer, laserdiode driver, 
transimpedance and limiting amplifier, 
clock- and data recovery), 
- electro-optical converters (laser, 
photodetector), 
- optical coupling elements, and 
- the optical transmission medium. 
In the first four years of the CRC we focus on 
demonstrating one energy-adaptive optical 
link with minimum power consumption and a 
scalable data rate up to 25 Gbit/s. This 
includes the design and development of 
optical on-board waveguides, the optical 
coupling between those waveguides and the 
electro-optical converters, the laserdiode 
driver as well as the transimpedance/limiting 
amplifier. The optical devices such as lasers 
and photodetectors are not developed in this 
phase, since appropriate components are 
commercially available. The aim is to improve 
the energy-efficiency of such an optical link 
and to introduce adaptivity to the system. In 
this matter adaptivity means the ability to 
scale the data rate of each link during runtime 
while reducing the power consumption at the 
same time. 
 
Fig. 1: Schematic block diagram of main components of optical link investigated in HAEC (A07) 
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To reduce the power consumption of such an 
optical link different opportunities can be 
used. First, the performance or energy-
efficiency of the single link elements can be 
improved. For the integrated transmitter and 
receiver circuitry downscaled and advanced 
semiconductor technologies enable the 
smart design of high-speed low-power 
topologies. The passive optics like 
waveguides and coupling elements improve 
the energy-efficiency if their losses and the 
induced signal attenuations are at minimum 
or at least less than that of traditional 
electrical interconnects. A second 
opportunity is to introduce adaptivity to the 
link. This includes both the on- and off-
switching of complete links within the 
system as well as the implementation of 
performance and power adaptivity into the 
active link devices. The motivation of this 
idea comes out of the fact that most existing 
optical links operate statically at their 
maximum performance to cover the peak 
hour traffic. Thus, almost the same high 
power is consumed independently of the 
data load which makes the links energy-
inefficient. However, the data throughput is 
rather defined by user and application 
demands which vary over time. To mitigate 
this problem the performance of the 
components need to be controlled by the 
system. If lower link data rates are required 
the bandwidth of the components, especially 
those of the transmitter/receiver circuitry, will 
be scaled down by tuning their operating 
points, i.e. the bias currents and voltages of 
the circuits. On the one hand this leads to a 
reduction of the component’s power 
consumption. On the other hand the 
transconductance of the transistors and 
therefore the gain of the amplifiers drop due 
to lower bias currents. However, since the 
signal levels at the interfaces to the further 
processing blocks should remain constant, 
the gain drop has to be compensated. 
All these approaches to improve the energy-
efficiency and adaptability of on-board optical 
links are considered and investigated in 
HAEC A07. For the circuit design an 
advanced 130 nm SiGe BiCMOS technology 
of IHP Microelectronics with an extremely 
high fmax of 500 GHz is used. First 
implementations of the transimpedance 
amplifier (TIA, Fig. 2) reveal that circuits even 
for data rates of up to 56 Gbit/s with a power 
consumption of less than 14 mW are 
possible. This corresponds to a very high 
energy-efficiency of 0.25 pJ/bit compared to 
recently published TIAs. Taking the models of 
the used photodetector and the wire-bond 
connection into account, a well performance 
at the target data rate of 25 Gbit/s is 
achieved. The current design consists of the 
receiver amplifier input stage only which 
achieves a transimpedance gain of at least 
54 dBΩ. However, to deal with the expected 
weak optical input powers at the 
photodetector and to meet the input signal 
specification of the next processing block, a 
TIA gain of 75 dBΩ is targeted. Therefore, 
further investigations have to be proceeded 
by adding further amplifier stages to achieve 
the target gain.  
 
Fig. 2: Exemplary circuit layout of TIA input stage 
(0.530 mm x 0.375 mm including pads) 
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First simulations regarding the performance 
and power adaptivity of the circuits show that 
a 3-fold decrease in bandwidth results in a 
reduction of the power consumption by 
~50 %. The resulting energy-efficiency of 
0.4 pJ/bit will be still at a very high level. At 
the moment one TIA IC is under 
characterization and verification in the 
measurement lab. Two further TIA ICs are in 
fabrication at IHP and are expected to be 
ready for characterization by midyear 2013. 
To transmit the optical signal over the CPU-
board, a single optical layer is developed. This 
carries the planar waveguides on a flexible 
PCB. The waveguides are based on organic-
inorganic hybrid ORMOCER® material 
systems and are designed for multimode 
operation with low losses and high data rates 
of at least 50 Gbit/s in the 850 nm 
wavelength range. Recently, the first UV 
patterned waveguides on a Si-substrate (as 
reference substrate) have been fabricated 
with the variation of its core width from 
20 µm to 50 µm and a core height of 30 µm. 
Figure 3 shows exemplary the cross section 
of an 8-channel waveguide array with cores 
of 40 µm x 30 µm and 80 µm pitch. First 
transmission measurements of these optical 
on-board waveguides have already proven 
their applicability for high-speed on-board 
optical data transmission. The minimum 
attenuation of 0.024 dB/cm shows very good 
results in comparison to the worldwide state-
of-the-art in research where commonly an 
attenuation coefficient of around 0.05 dB/cm 
is to be considered as sufficient. Additionally, 
the influence of geometrical waveguide 
parameters and material combination 
(refractive index contrast) onto relevant 
waveguide characteristics such as optical 
attenuation, mode conversion, assembly 
tolerances and calculated bandwidth has 
been investigated. At the moment, a data 
transmission at 25 Gbit/s with a maximum bit 
error rate (BER) of less than 5x10-5 and at 
15 Gbit/s with a maximum BER of less than 
10-12 can be achieved with the fabricated on-
board waveguides. However, the current 
measurement setup of this characterization 
shows some insufficiencies which may 
impair the exact determination of the 
waveguide’s performance. Thus, the setup 
has to be further improved and a variance of 
different waveguide structures has to be 
verified for statistical significance and in order 
to achieve the goal of a BER less than 10-12 
for a data rate of 25 Gbit/s. 
At the current state the investigated 
approaches are very promising to improve 
the performance and to reduce the power 
consumption of optical on-board links. This 
paves the way for including these techniques 
into the energy-efficient adaptive computing 
systems considered by the HAEC project. 
Next steps in the first project phase will also 
be the development of the optical coupling 
element to connect the waveguides to the 
optical transmitter and receiver components. 
Furthermore, the electronic driver circuit for 
the laser will be designed, characterized and 
optimized. The results of these tasks will be 
the basis to build the single optical on-board 
link demonstrator as described above. Within 
the next CRC phases it is planned to extend 
this link system and to combine multiple of 
them to enable the opto-chip as an array of 
40 highly-parallelized transmitter and receiver 
channels. 
 
Fig. 3: Cross section of exemplary UV patterned waveguides with a core of 40 µm x 30 µm 
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Every year in April companies with technical 
departments and technical training facilities, 
universities, and research centers are invited 
to organize an open day for girls – Girls'Day. 
Girls'Day – 'Future Prospects for Girls' 
initiated a large campaign in which a wide 
range of professions and activities is 
presented to girls. By taking part in Girls’Day, 
girls shall be particularly motivated and 
 
 
 
encouraged to seize their career options and 
to decide in favor of a qualified 
apprenticeship or degree. Subsequently, they 
choose an occupation even in professional 
fields that are presently not typically female. 
We, the CRC 912, 
 
  
 
would like to encourage girls to have a look in 
a field what is not typically female. Therefore, 
Nicolle and I organized in collaboration with 
 
 
  
Leibniz Institute 
for Solid State  
and Materials 
Research Dresden 
the event 
“Zukunft von 
morgen”. 
 
We were thrilled that 4 young girls enrolled 
for this event.  Scientist of computer science, 
electrical engineering and materials science 
showed the 4 girls in demonstrations and 
presentations, how a smart phone works, 
how and why a superconducting maglev train 
“flies” and how a remote-controlled robot 
can pick up stuff out of a closet. It was great 
to see that the girls were interested in the 
lectures and demonstrations, and did not 
hesitate to ask lots of questions. In the end,  
their feedback was very positive and they 
unanimously declared that they would 
definitely participate again next year.  
 
 
 
 
 
A big thank you to Fabian Diehm, Sebastian 
Götz, Dr. Carola Langer, and Dr. Elke Reich. 
for their support. An extra thank you to Prof. 
Nagel for the ice-cream.            
  Sandra Helms 
 
 
 
   Opening Festival - cfaed 
On 27 February 2013, the Cluster of 
Excellence ‚Center for Advancing Electronics 
Dresden‘ (cfaed) was officially opened in an 
all-day opening festival at TU Dresden. The 
Saxon State Minister for Higher Education, 
Research and the Arts, Professor Sabine von 
Schorlemer, the Mayor of the City of 
Dresden, Helma Orosz as well as 
representatives from science and industry 
participated in the successful event. Cluster 
members presented their research topics in 
poster sessions and new recruits, 
  
 
such as Research Group Leaders and 
Postdocs, gave presentations on their topics. 
Most of the cfaed research areas – its 
research paths – were represented by these 
talks. A highlight of the day was the lecture 
by Univ.-Prof. em. Dr. Detlev Riesner within 
the framework of the cfaed Distinguished 
Lecture Series, which was announced by 
Gunda Röstel, Chair of the TU Dresden 
University Advisory Board.  Professor 
Riesner’s talk titled “Viroids and Prions: Basic 
Research on Infectious Molecules  
 
 
and its Impact in Platform Technology, 
Diagnostics and Therapy” was based on his 
experience as co-founder of QIAGEN and 
other biotec companies as well as his 
research as professor of Biophysics at 
Heinrich-Heine-University in Düsseldorf.  
 
 
During the official opening ceremony, it was 
an honour to welcome Professor Sabine von 
Schorlemer, State Minister for Higher 
Education, Research and the Arts who 
emphasized the cluster’s strategic 
importance for microelectronics in Saxony 
and in the whole of Germany. 
 
 
 
She agreed that the innovative visions of 
cfaed researchers are needed to remain on 
top of the global competition. Ms Helma 
Orosz, mayor of the city of Dresden, 
confirmed the cluster’s significance for the 
local community. The renowned scientists of 
cfaed will help to enhance the international 
visibility of Dresden and further stimulate it  
attractiveness for international experts.   
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The Vice-Rector for Research of TU Dresden, 
Professor Gerhard Rödel, pointed out the 
close interaction between the work of the 
cluster and the University’s Institutional 
Strategy “The Synergetic University”. Both 
concepts benefit from each through various 
measures, such as the TUD graduate 
academy which will be open for cfaed PhD 
students as well.  
A number of first research results were 
presented in technical demonstrations to the 
State Minister, the Mayor and interested 
press, including a Chemical Transistor, which 
controls and processes chemical instead of 
electrical information by means of a threshold 
concentration. Cluster members of TU 
Chemnitz demonstrated a printed 
loudspeaker, which is a piezoelectric 
loudspeaker that can be printed on ordinary 
paper. To conclude the tour of 
demonstrations, a gesture-controlled robot – 
remotely controlled by a human via natural 
gestures – delivered a bottle of champagne 
to State Minister von Schorlemer and Mayor 
Orosz. In the afternoon of the event, the  
 
cluster’s Career Development Director 
welcomed all new cfaed PhD students and 
introduced the unique career development 
program which will systematically foster 
young scientists and assist them with their 
individual scientific careers. 
 
   
 
Additionally, the new Industry Liaison 
Program (ILP) was introduced by the cluster 
coordinator, Professor Gerhard Fettweis, to a 
number of interested industry 
representatives. The ILP program includes 
several options for companies to support the 
work of the cluster with specific benefits for 
participating companies. The cfaed Opening 
Festival received good press coverage and 
inspired cfaed members and external visitors 
with new and visionary research approaches. 
 
    Sandra Bley 
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       NEW Publications 
A02 
L. Landau, S. Krone and G. Fettweis 
Intersymbol-Interference Design for the Maximum Information Rates with 1-Bit 
Quantization and Oversampling at the Receiver 
accepted for publication in the 9th International ITG Conference on Systems, Communications and 
Coding (SCC`13), Munich, Germany, January 2013 
 
J. Israel and A. Fischer 
An Approach to Discrete Receive Beamforming 
 accepted for publication in the 9th International ITG Conference on Systems, Communications 
and Coding (SCC`13), Munich, Germany, January 2013 
 
 
A02 + A05 
J. Israel, J. Martinovic, A. Fischer, M. Jenning and L. Landau 
Optimal Antenna Positioning for Wireless Board-To-Board Communication Using a Butler 
Matrix Beamforming Network 
to appear in Proceedings of the 17th International ITG Workshop on Smart Antennas (WSA 2013), 
Stuttgart, Germany, March 13 – 14, 2013 
 
 
B01 
C. Wilke, S. Richly, C. Piechnick, S. Götz, G. Püschel and U. Aßmann 
Comparing Mobile Applications' Energy Consumption 
In Proceedings of The 28th Annual ACM Symposium on Applied Computing (SAC 2013), March 18 
- 22, 2013 
 
N. Bencomo, G. Blair, S. Götz, B. Morin, B. Rumpe 
Report on the 7th International Workshop on Models@Runtime 
In ACM SIGSOFT Software Engineering Notes 38(1), 2013. 
 
C. Wilke, S. Götz and S. Richly  
JouleUnit - A Generic Framework for Software Energy Profiling and Testing  
To appear in: Proceedings of The 1st Workshop "Green In Software Engineering Green By 
Software Engineering" (GIBSE), March 26, 2013 
 
S. Götz, C. Wilke, S. Richly, G. Püschel and U. Aßmann 
Model-driven Self-optimization Using Integer Linear Programming and Pseudo-Boolean 
Optimization 
To appear in Proceedings of The Fifth International Conference on Adaptive and Self-Adaptive 
Systems and Applications (ADAPTIVE), May 27 - June 1, 2013 
 
G. Püschel, S. Götz, C. Wilke and U. Aßmann  
Towards Systematic Model-based Testing of Self-adaptive Systems 
To appear in Proceedings of The Fifth International Conference on Adaptive and Self-Adaptive 
Systems and Applications (ADAPTIVE), May 27 - June 1, 2013 
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       NEW Publications 
B01 + B02 
S. Götz, R. Schöne, C. Wilke, J. Mendez and U. Aßmann  
Towards Predictive Self-optimization by Situation Recognition  
To appear in Proceedings of 2nd Workshop "Energy Aware Software - Engineering and 
Development" (EASED), April 25, 2013 
 
 
B02 + B06 
W. Dargie, Eldora, J. Mendez, C. Möbius, K. Rybina, V. Thost, and A.-Y. Turhan  
Situation Recognition for Service Management Systems Using OWL 2 Reasoners 
in Proceedings of the 10th IEEE Workshop on Context Modeling and Reasoning (CoMoRea'13), 
San Diego, California, March 2013. IEEE Computer Society. To appear.  
 
 
B04 
M. Hähnel, B. Döbel, H. Härtig, M.Völp                                                                                                                 
eBond: Energy Saving in Heterogeneous R.A.I.N                                                                                                                    
To appear at: ACM eEnergy (e-Energy 2013), Berkeley, CA, USA, May 2013 
M. Völp, J.  Steinmetz and M. Hähnel      
Consolidate-to-Idle: The second dimension is almost for free                                                                                                           
19th IEEE Real-Time and Embedded Technology and Applications Symposium (RTAS), 
Philadelphia, USA, April 9 - 11, 2013 
 
M.  Hähnel, M. Völp, B. Döbel, H. Härtig                                                                                                                     
The Potential of Energy/Utility-Accrual Scheduling                                                                                                    
First International Workshop on Energy-Aware Systems, Communications and Security 
(EASyCoSe 2013), Barcelona, Spain, March 201 
 
 
B06 
A. Strunk, W. Dargie 
Does Live Migration of Virtual Machines cost Energy? 
in the 27th IEEE International Conference on Advanced Information Networking and Applications 
(AINA-2013), Barcelona, Spain, March 25 - 28, 2013 
 
 
 
Belated Congratulations to B04 
 
In June 2012 Marcus Hähnel, Björn Döbel, Marcus Völp and Hermann Härtig of sub-project B04 
were presented with a "Best Student Paper" award at the Greenmetrics Workshop 2012. The 
workshop was held in conjunction with ACM Sigmetrics/Performance in London. The award was 
given for the paper "Measuring Energy Consumption for Short Code Paths Using RAPL" which also 
appeared in SIGMETRICS Performance Evaluation Review 40. The work evaluates the 
measurement possibilities for short code paths using the RAPL power metering facility present in 
recent Intel processors and proposes a method to extend the precision of the measurement for 
short code paths. This method enables the detailed profiling of individual sections of code up to 
length of 0.1ms and above with reasonable precision. 
-9-
           Goodbye 
      We welcome........
Dr. - Ing. 
Meik Dörpinghaus 
 
 
 
 
 
 
 
 
 
I received the Dipl.- Ing. and the Dr.-Ing. 
degree in Electrical Engineering and 
Information Technology both from RWTH 
Aachen University, Aachen, Germany, in 
2003 and 2010, respectively. Before joining 
TU Dresden I have been a postdoctoral 
researcher at RWTH Aachen University. In 
2007, I was a visiting researcher at ETH 
Zurich, Switzerland. My research interests 
are in the areas of communication and 
information theory, which are the basis for a 
thorough understanding of complex 
information processing systems as studied 
within the HAEC. Using analytical models 
tailored to the right level of abstraction, 
information theory is able to provide bounds 
on the system performance. Moreover, 
information theoretic approaches also yield 
fundamental insights on the dependencies 
determining the system behavior. Thus, it 
helps to find optimal solutions in the design 
of advanced communication and information 
processing systems, which corresponds to a 
complex optimization problem in a very large 
design space. 
 
With my knowledge in information and 
communication theory my aim is to support 
system design within the HAEC and I´m 
looking forward to join HAEC. 
 
Jun.- Prof. Dr. - Ing.  
Kambiz Jamshidi 
 
 
 
 
 
 
 
 
 
I received my Ph.D. degree in Electrical 
Engineering from Sharif University of 
Technology (SUT.), Tehran, Iran in 2006. 
Before coming to Germany, I was a faculty 
member of Advanced Communication 
Research Institute of SUT. There I worked on 
design and statistical modelling of optical 
code division multiplexing systems and their 
applications in fiber to the home networks. In 
May 2009 I joined High Frequency 
Technology Institute of Deutsche Telekom 
University of Applied Sciences in Leipzig as a 
senior researcher. My research focus in 
Leipzig was to develop tunable optical delay 
elements, for signals and packets, to be used 
in all optical buffers and routers. I joined the 
joint lab between IHP and Technical 
University Berlin (Photonics Department) in 
2012 and worked on design and realization of 
a CMOS compatible optical clock distribution 
network on chip for an electrical integrated 
circuit. 
 I have joined Communications Laboratory 
since March 2013 and my research focus is 
on optical integrated devices to be used in 
communications and signal processing.  
 
We welcome you both to HAEC and wish you every success with your work 
and research
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     Dates 2013 
           Goodbye 
                                                                                                             
June 10, 2013     Guest Lecture, Prof. Zhi-Quan Luo, BAR II/63 A 
July, 2 - 3     HAEC-Research Festival, Lichtenwalde 
 
HAEC Seminars 2013 
 
Date            Time   Room   Project 
29.05.2013 9:00 – 10:30 am BAR II 63 a  Meik Dörpinghaus 
 
26.06.2013 9:00 – 10:30 am BAR II 63 a  B01 
 
04.09.2013 9:00 – 10:30 am BAR II 63 a  B06 
 
16.10.2013 9:00 – 10:30 am BAR II 63 a  N.N 
 
13.11.2013 9:00 – 10:30 am BAR II 63 a  A06  
 
11.12.2013 9:00 – 10:30 am BAR II 63 a  N.N 
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I would like to say goodbye and thank 
you. I will leave Dresden for good to 
move with my family to Frankfurt.  I 
have enjoyed working for this team 
and I appreciate having had this 
wonderful opportunity to work with 
you all and I really enjoyed supporting 
the team.  
 
 I now have to look forward to my new 
life in Frankfurt that brings forth new 
challenges and adds more diverse 
experience to my life. 
 I do wish the HAEC team every 
success in all its future endeavors. 
                                       Sandra Helms 
 
 
      We welcome........
